Rationale: The prevalence of frailty (diminished physiologic reserve) and its effect on outcomes for those aged 18 years and older with critical illness is unclear.
Survivorship from a critical illness is frequently complicated by reduced longterm survival, newly acquired disabilities in activities of daily living, cognitive impairment, and poor health-related quality of life (1) (2) (3) (4) (5) . The mechanisms underlying these sequelae of critical illness are incompletely understood. Nevertheless, they are generally thought to result from the complex relationship between the severity of the critical illness, intensive care unit (ICU) care, and a patient's underlying vulnerability (6) .
Clinically, increased vulnerability is recognized by a reduced ability to maintain or restore homeostasis in the setting of acute stress, a phenomenon that has been termed "frailty" (7) (8) (9) . In community-dwelling older persons, frailty is independently associated with subsequent mortality, disability in activities of daily living (basic self-care activities necessary for independent living), and cognitive impairment (7, 8, (10) (11) (12) (13) (14) (15) (16) . Although frailty before critical illness has been evaluated as a risk factor for short-and long-term mortality and health-related quality of life (17) (18) (19) (20) (21) in older adults with critical illness, the effect of preexisting frailty on mortality, disability, cognitive impairment, and healthrelated quality of life after critical illness among adult patients of all ages is unclear.
We therefore sought to describe the prevalence and severity of frailty in adults age 18 years of age and older and to determine the independent association between preexisting frailty (i.e., frailty present before critical illness) and long-term outcomes 3 and 12 months after critical illness. We hypothesized that more severe preexisting frailty, as assessed with the Clinical Frailty Scale, would be independently associated with increased mortality, worse disability in instrumental and basic activities of daily living, impaired cognition, and poorer health-related quality of life, regardless of age.
Methods
We tested our hypotheses in a combined cohort of patients enrolled in the identical BRAIN-ICU (Bringing to Light the Risk Factors and Incidence of Neuropsychological Dysfunction in ICU Survivors) (NCT00392795) and MIND-ICU (Delirium and Dementia in Veterans Surviving ICU Care) (NCT00400062) studies (2) . Some of these original data have been reported in the form of an abstract (22) .
Setting and Participants
The study protocol including inclusion/exclusion criteria have been published elsewhere and may be found in the online supplement (2) . We enrolled patients 18 years of age and older treated for respiratory failure or shock from the medical and/or surgical ICUs at five U.S. centers. We excluded those with organ dysfunction for greater than 72 hours, recent ICU exposure, severe cognitive impairment, inability to communicate in English, substance abuse, homelessness, or residence greater than 200 miles from the enrollment site. Patients and proxies provided consent. Each center's institutional review board approved the study.
Measuring Frailty
At enrollment (i.e., within 72 hours of ICU admission), study personnel, trained by a geriatrician with expertise in frailty assessments (A.M.), used patient/proxy interviews and medical records to determine preexisting frailty with the Clinical Frailty Scale (8) . The Clinical Frailty Scale is a wellvalidated, seven-point scale that classifies patients along the continuum from very fit to severely frail, with a score of 5 or greater representing clinical frailty (see online supplement). Enrollment Clinical Frailty Scale scores were the primary exposure for all analyses.
Outcomes
At 3-and 12-month follow-up, study personnel blinded to Clinical Frailty Scale scores assessed vital status using patients/proxies, medical records, and the Social Security Death Index. Among survivors, study personnel assessed instrumental activities of daily living using the Functional Activities Questionnaire (23), basic activities of daily living using the Katz ADL (24), cognition using the Repeatable Battery for the Assessment of Neuropsychological Status (25) , and health-related quality of life using the Short Form (SF)-36 (26) .
Missing Data
We used multiple imputation to account for missing covariate and incomplete outcome data (27) . Mortality, instrumental activities of daily living, basic activities of daily living, and health-related quality of life outcomes data were greater than 96% complete. Cognitive outcome data were 84% complete. We excluded patients who died or withdrew before follow-up from the disability, cognitive, and health-related quality-of-life analyses.
Statistical Analysis
We constructed box plots to determine the distributions of Clinical Frailty Scale scores
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by age and Kaplan-Meier survival curves to describe the probability of survival according to Clinical Frailty Scale score. We used multivariable regression, adjusting for covariates, to determine the association between Clinical Frailty Scale scores and outcomes. We modeled the relationship with mortality using Cox proportional hazards regression, with instrumental activities of daily living and basic activities of daily living outcomes using proportional odds logistic regression, and with cognitive and health-related quality-of-life outcomes using linear regression.
We included the full Clinical Frailty Scale score as the exposure in each model rather than dichotomizing the score into frail versus nonfrail. We chose this approach because using the full ordinal variable (rather than dichotomizing) provides the most statistical power to detect change (reducing the risk of type II error) and increases precision of the estimates.
As covariates, we a priori selected age, sex, years of education, Charlson comorbidity index score (28) Associations with continuous covariates were allowed to be nonlinear using restricted cubic splines. We assessed for an interaction between frailty and delirium duration and, in a sensitivity analysis, between Clinical Frailty Scale score and age. Nonlinear and interaction terms were excluded if the P-value for the global test for nonlinearity or interaction was greater than 0.20. All model assumptions were met (see online supplement). We used R version 3.1.2 (R Project for Statistical Computing, Vienna, Austria) for all analyses. P values less than 0.05 were considered significant.
Results
We enrolled 1,047 patients between January 2007 and December 2010. While in the hospital, seven patients withdrew permission to use their data (see Figure E1 in the online supplement). Therefore, our cohort included 1,040 patients, who were a median age of 62 years old and 60% male (Table 1) .
Between enrollment and 3-month follow-up, 329 (32%) patients died. At 3 months after ICU discharge, we assessed 546 of the 711 (77%) surviving patients. Between 3-and 12-month follow-up, an additional 80 (8%) patients died. We assessed 467 of the 631 (74%) surviving patients at 12 months after discharge (see Figure E1 ).
Prevalence of Frailty and Age
The median Clinical Frailty Scale score at study enrollment was 3 (interquartile range, [3] [4] [5] . Clinical frailty (i.e., a Clinical Frailty Scale score >5) was present in 307 patients (30%). Among the 580 patients who completed at least one follow-up assessment, 133 (23%) were clinically frail at baseline (Table 1) . Those with clinical frailty had higher baseline scores on the Functional Activities Questionnaire and Katz ADL than those without clinical frailty (see Tables E1 and E2) .
Patients of all ages demonstrated a range of Clinical Frailty Scale scores ( Figure 1 ). On average, patients who were 49 years old and younger had lower median scores compared with those who were 50 years of age and older. Clinical frailty was present in 153 of 444 (34%) of patients aged 65 years and older. Nevertheless, clinical frailty was not limited to older patients. Among even the youngest patients (i.e., <49 years old), clinical frailty was present in 40 of 203 (20%) and among middle-aged patients (i.e., those 50-64 years old), clinical frailty was present in 114 of 393 (29%). Half of all patients with Clinical Frailty Scale scores greater than or equal to 5 were younger than 65 years old.
A range of ages was present at each level of the Clinical Frailty Scale score (see Figure  E2 ). Those with scores of 1 or 2 were younger than those with higher Clinical Frailty Scale scores. The median ages of those with scores greater than or equal to 3, however, were similar, indicating no age-related increase in the severity of frailty.
Frailty and Long-Term Outcomes
Kaplan-Meier survival curves showed an increased risk of death at each level of Clinical Frailty Scale score throughout the first year after enrollment ( Figure 2 ). After adjusting for potential confounders of the association enrollment Clinical Frailty Scale score and mortality, Clinical Frailty Scale score was associated with increased hazard of death at both 3 and 12 months (P = 0.01 and P , 0.001, respectively) ( Table 2) . Clinical Frailty Scale score, however, was not associated with an increased hazard of death during the index hospitalization (hazard ratio, 1.1; 95% confidence interval, 0.9-1.5; P = 0.56). Thus, at 12 months, two patients, alike in all other ways (i.e., with all covariates adjusted to their median or mode value), a patient with a Clinical Frailty Scale score of 5 (the 75th percentile of frailty scores) had a 50% increase in the risk of death compared with a patient with a Clinical Frailty Scale score of 3 (the 25th percentile of frailty scores). We present the hazard ratios for mortality at each level of the Clinical Frailty Scale score during the index hospitalization, at 3 months, and at 12 months in Figure E3 .
Clinical Frailty Scale score was also independently associated with greater odds of new or worsened disability in instrumental activities of daily living at the 3-and 12-month follow-up assessments (P = 0.04 and P = 0.002, respectively) ( Table 2 ). The association between enrollment Clinical Frailty Scale score and disability in instrumental activities of daily living at 3 months may be found in Figure  E4 . The 12-month model suggested a statistical interaction between enrollment Clinical Frailty Scale score and the duration of delirium (P for interaction = 0.14). Therefore, we present the associations between enrollment Clinical Frailty Scale score and probability of new or worsened disability in instrumental activities of daily living at 12 months according to different durations of delirium ( Figures  3A-3C ). Although the association seems to be strongest among those patients who suffered the least amounts of delirium ( Figure 3A) , because of greater variability at lower Clinical Frailty Scale scores ( Figures  3B and 3C) , the possibility that the association is similar across all durations of delirium cannot be excluded. Nevertheless, the association was consistent at higher Clinical Frailty Scale scores (i.e., 4-7), regardless of the duration of delirium ( Figures 3A-3C) .
Clinical Frailty Scale score at enrollment was not associated with greater odds of new or worsened disability in basic activities of daily living (P = 0.23 and P = 0.10, respectively) ( Table 2) . Enrollment Clinical Frailty Scale score was not associated with worse global cognition scores on the Repeatable Battery for the Assessment of Neuropsychological Status at either 3-or 12-month follow-up (P = 0.42 and P = 0.12, respectively) ( Table 2 ). The finding of a lack of association between Clinical Frailty Scale score and long-term cognition was robust to several sensitivity analyses, including the models where duration of delirium was excluded as a covariate in the models (see Table E3 ).
Higher Clinical Frailty Scale score at enrollment, however, was associated with lower SF-36 Physical Component Scores at 3 and 12 months (P , 0.001 for both time points) ( Table 2 ). Clinical Frailty Scale score was not associated with SF-36 Mental Component Scores at either follow-up assessment (P = 0.08 and P = 0.16, respectively) ( Table 2) .
To determine the effect of age on the independent associations between enrollment Clinical Frailty Scale score and long-term outcomes, we allowed for an interaction between frailty score and age in each of our models. In no model did the interaction term reach the a priori defined level of significance of P less than or equal to 0.20 (see Table E4 ). This lack of significant interaction between Clinical Frailty Scale score and age indicates that the associations between frailty and long-term outcomes reported herein were not modified by age.
Complete Case Analyses
The results of the complete case analyses were consistent with the primary analyses except for the association between Clinical Frailty Scale score at enrollment and global cognition at 12 months (see Table E5 ). This analysis found that Clinical Frailty Scale score was associated with a statistically, but nonclinically significant (i.e., less than one point), lower global cognition score on the Repeatable Battery for the Assessment of Neuropsychological Status (P = 0.03).
Discussion
In this large, multicenter prospective cohort study of patients age 18 years old and older who were treated for a range of medical and surgical critical illnesses, preexisting clinical frailty was present in nearly one out of three. Half of the patients with clinical frailty were younger than 65 years old. Although less common among younger patients, frailty was present in one out of five patients age 49 years or younger. After adjusting for a large number of confounders, those with a higher Clinical Frailty Scale score at enrollment (i.e., at the 75th percentile) suffered a 50% greater risk of death in the 12 months after a critical illness compared with those with a lower score (i.e., at the 25th percentile). Likewise, those with a higher Clinical Frailty Scale score had a 30% independent increase in the odds of disability in instrumental activities of daily living at 12-month follow-up. Patients with a higher Clinical Frailty Scale score also had worse physical health-related quality of life. The strength of these independent associations was not affected by age, indicating that patients of all ages along the fitness to frailty continuum are at risk for poor outcomes after critical illness. Our findings build on and extend those of the prior multicenter Canadian and French cohorts that also found an association between baseline Clinical Frailty Scale score and mortality among older adults (17, 18) . A recent subgroup analysis also reported greater mortality associated with frailty among patients age 50-65 years old (33) .
Unlike these prior studies, however, we considered the effect of frailty on adult patients of all ages, including those age 50 years and younger. Because frailty is classically considered to be an age-related condition, additional studies are needed to understand better the clinical conditions and biological mechanisms resulting in frailty among younger adults with critical illness.
We evaluated the independent association of each level of the Clinical Frailty Scale score with outcomes rather than stratifying patients into categories or considering patients as frail or not frail. We found the risk of poor outcomes increased with the Clinical Frailty Scale score. For example, the adjusted hazard of death increased with the Clinical Frailty Scale score even at the lowest levels, such that those with a score of 3 had twice the risk of death at 12 months as those with a score of 1, after considering a robust set of potential confounders of this association not evaluated in previous studies of frailty in the critically ill. These covariates included baseline cognitive status, granular details about exposure to a critical illness including daily severity of illness scores and days of severe sepsis, delirium, coma, and mechanical ventilation. Our findings suggest that future studies of frailty in patients with critical illness should consider the full continuum of fitness to frailty in patients of all ages.
We also report an independent association between baseline Clinical Frailty Scale scores and disability in instrumental activities of daily living. Patients with worse clinical frailty before developing critical illness were 20% and 30% less likely to be able to carry out instrumental activities of daily living at 3 and 12 months, respectively. Instrumental activities of daily living include such activities as handling finances, managing medications, using the telephone, and preparing meals. Thus, our findings advance the understanding of the types of disabilities suffered by survivors of critical illness across the continuum of frailty. The prior Canadian study reported a loss of functional independence after hospital discharge, but did not describe the underlying nature of disabilities (17, 19) . The present study was underpowered to report data on specific instrumental activities of daily living disability phenotypes associated with frailty. This should be evaluated in future studies. Nevertheless, our findings suggest that future work to promote functional independence after critical illness should emphasize rehabilitation in instrumental activities of daily living. We did not find an association between enrollment Clinical Frailty Scale score and disability in basic activities of daily living at follow-up. This finding contrasts with those from studies of frailty in both communitydwelling older adults (7, 11) and hospitalized, but noncritically ill, older adults (14) . Several factors may explain these differences. First, because both baseline basic activities of daily living disability and Clinical Frailty Scale score are associated with greater mortality in the critically ill, the association between frailty and disability may be diminished by the competing risk of death (17, 18, 34, 35) . Second, we adjusted for several factors relating to critical illness and ICU management that may be stronger predictors of disability in basic activities of daily living among patients with frailty. Third, we enrolled a younger cohort than these studies of communitydwelling older adults, and the causes of disability in older adults may differ from the younger, critically ill patients in the current study. Fourth, they may represent a type II error. Finally, we assessed disability at 3 and 12 months after ICU discharge. Because disability is a dynamic phenomenon, we may have missed short episodes of disability that resolved before 3-month follow-up (36) (37) (38) .
Enrollment Clinical Frailty Scale score was not associated with worse cognition at follow-up. This finding is also in contrast to studies of community-dwelling older adults without critical illness, where frailty is an independent predictor of dementia (13, 15, 16) . Our findings in critically ill patients differ from those in prior studies for several reasons. First, the follow-up time points in earlier studies were measured in years, in comparison with our 3-and 12-month assessments. The shorter duration of follow-up in the current study may be one reason for our divergent findings. Second, unlike prior studies (2, 39), we adjusted for factors that are known predictors of longterm cognitive impairment after critical illness, including duration of delirium (2) . Nevertheless, even after removing delirium duration from our models, frailty was not associated with long-term cognitive impairment, indicating that delirium duration was not confounding a possible association of frailty with cognition. Third, the BRAIN-ICU and MIND-ICU cohort studies were designed to explore risk factors for new long-term cognitive impairment after critical illness. We used validated surrogate measures to exclude patients with dementia and other forms of severe cognitive impairment. Therefore, because cognitive impairment may be one way by which patients could become frail, our findings may not be generalizable to those who are frail as the result of cognitive impairment and dementia.
Finally, although frailty was not associated with worse cognition, it was associated with disability in instrumental activities of daily living. Three large cohort studies in noncritically ill older adults found disability in instrumental activities of daily living to be a predictor of cognitive impairment and dementia years later (40) (41) (42) (43) . Instrumental activities of daily living include such activities as handling finances, shopping, managing medications, preparing a balanced meal, and traveling outside one's neighborhood and therefore place greater demands on cognitive function rather than on physical function (44) . Thus, our findings may represent a preclinical form of cognitive impairment among survivors of critical illness (2, 39) . Alternatively, a loss of independence in instrumental activities of daily living may represent a subjective form of cognitive impairment whereby patients alter their behavior in response to subtle cognitive changes. These possibilities should be explored further in future studies with longer follow-up periods than were available in the present study.
We also found that higher Clinical Frailty Scale scores at study enrollment were independently associated with worse physical health-related quality of life, but not mental health-related quality of life, using the SF-36. These findings seem to contradict those described by Bagshaw and colleagues (19) , who found that frailty was independently associated with worse mental, but not physical, health-related quality of life measured using the SF-12. When health-related quality of life was measured in their cohort using the Euro-QoL 5D (EuroQol-5 Dimension), however, frailty was independently associated with worse health-related quality of life in the domains of mobility, self-care, carrying out usual activities, bodily pain, and anxiety/depression. Taken together, [47] , the Cardiovascular Health Study Frailty Screening Measure [7] , and the Gérontopôle Frailty Screening Tool [48] ) should be used to identify patients who are in need of more in-depth assessment. These in-depth assessments include evaluation with a multidimensional tool, such as the Edmonton Frailty Scale (49) or via a comprehensive geriatric assessment. Nevertheless, the applicability of these reference standards for diagnosing frailty in patients with acute critical illness may be limited because they require performancebased assessments of physical and cognitive function and few in the ICU have formal training in geriatrics or gerontology. Therefore, work is needed to adapt these reference standards to the unique needs of patients with critical illness. A well-validated, ICU-specific, frailty reference standard could then be used to better understand the key elements and domains contributing to frailty in this population and to facilitate the study of the underlying mechanisms of frailty in the context of critical illness.
Frailty is believed to be a manageable and potentially reversible condition (46) . Therefore, given the poor outcomes among patients with frailty who become critically ill, therapies shown to reduce frailty and improve function in noncritical illness settings, such as physical activity programs (50, 51) , and multicomponent strategies (i.e., physical activity, nutrition, and cognitive training) (52) should be tested further in patients for whom critical illness can be anticipated (i.e., those undergoing large surgical procedures).
Strengths of the current investigation include a large, multicenter cohort of patients 18 years of age and older enrolled from a geographically diverse set of medical and surgical ICUs across the United States including academic, community, and Veterans Affairs hospitals treated for a wide range of critical illness diagnoses, thereby enhancing the generalizability of our findings. We also prospectively collected a range of detailed clinical, physiologic, and pharmacologic parameters daily throughout the hospitalization, along with measures of preillness disabilities, cognition, comorbidities, and sociodemographics, which allowed us to adjust for these potential confounders in our multivariable analyses. Finally, we were able to achieve excellent long-term followup that were performed by study staff blinded to Clinical Frailty Scale scores at enrollment and to details of the ICU course.
Our findings should be interpreted in the context of several limitations. First, although the Clinical Frailty Scale score is well-validated and widely used in studies of community dwelling older adults and now in critically ill patients, it was designed to have an element of subjectivity (8, 17, 18, (53) (54) (55) . To minimize this subjectivity, study personnel underwent standardized training and used all information available to them, including patient or proxy interviews, review of the medical records, and study data to determine the baseline Clinical Frailty Scale score. Other well-validated measures of frailty, such as the frailty phenotype assessed using the Cardiovascular Health Study Frailty Screening Measure (7), require patients to perform physical maneuvers, such as handgrip dynamometry and a gait-speed assessment, which are difficult to reliably assess during the emergent phases of a critical illness (7, 35) . Preliminary data from a longitudinal cohort study that assessed physical frailty over time, where some participants developed critical illness, however, suggest A B C Figure 3 . These panels display Clinical Frailty Scale scores on the x-axis versus the adjusted probability of a higher Functional Activities Questionnaire score on the y-axis. Point estimates are indicated with blue dots, with 95% confidence intervals indicated by blue bars. The rug plot (just below the x-axis) shows the distribution of Clinical Frailty Scale scores. Overall, higher baseline Clinical Frailty Scale scores were independently associated with greater probability of higher Functional Activities Questionnaire scores at 12-month follow-up (P = 0.002), indicating new or worsened disability in instrumental activities of daily living. This association was modified by the duration of delirium (P = 0.14). Therefore, we present the association between Clinical Frailty Scale score and Functional Activities Questionnaire score for patients who had 0 days of delirium (A), 2 days of delirium (the 50th percentile of delirium duration, B), and those with 5 days of delirium (the 75th percentile of delirium duration, C). FAQ = Functional Activities Questionnaire.
this complementary concept of frailty is also predictive of death and disability (56) . Future studies should compare the predictive validity of these major concepts of frailty in patients with critical illness. Third, this study was conducted contemporaneously with the first modern studies of early mobility. Therefore, it was unlikely that patients received early mobility interventions. The effect of early mobility on disability outcomes among patients of all ages across the fitness to frailty continuum who develop critical illness should be studied in future investigations. Finally, we were unable to assess the trajectories of frailty, physical and cognitive function, and comorbid medical conditions before critical illness, which is a limitation of nearly all studies of emergently critically ill patients (57).
Conclusions
Our results suggest that preexisting frailty, as measured by the Clinical Frailty Scale, is common in critically ill patients, regardless of age. Moreover, the risk of death, disability, and poor health-related quality of life increased along the fitness-frailty continuum, independent of many traditional risk factors, including age. Future studies should explore the utility of the evaluating patients along the fitness-frailty continuum to identify patients with heightened vulnerability in routine ICU practice. Interventions associated with improved outcomes in at-risk communitydwelling persons should be evaluated as a means by which to improve post-critical illness morbidity and mortality. n
